We present results from a pulse phase resolved spectroscopy of the complex emission lines around 1 keV in the unique accretion powered X-ray pulsar 4U 1626-67 using observation made with the XMM-Newton in 2003. In this source, the red and blue shifted emission lines and the line widths measured earlier with Chandra suggest their accretion disk origin. Another possible signature of lines produced in accretion disk can be a modulation of the line strength with pulse phase. We found the line fluxes to have pulse phase dependence, making 4U 1626-67 only the second pulsar after Her X-1 to show such variability. The O VII line at 0.568 keV from 4U 1626-67 varied by a factor of ∼4, stronger than the continuum variability, that support their accretion disk origin. The line flux variability may appear due to variable illumination of the accretion disk by the pulsar or more likely, a warp like structure in the accretion disk. We also discuss some further possible diagnostics of the accretion disk in 4U 1626-67 with pulse phase resolved emission line spectroscopy.
XMM-Newton observation which has higher sensitivity than ASCA. The paper is organised as follows: The details of the observation and data reduction procedures are mentioned in section 2, section-3 includes timing analysis of the source, followed by the details of the spectroscopy. Finally, the implications of our results are discussed in section 5.
XMM-NEWTON OBSERVATIONS AND DATA REDUCTION
XMM-Newton operates in the energy range of 0.1-15 keV. The instruments on board XMMNewton are European Photon Imaging Camera (EPIC), Reflection Grating Spectrometer (RGS) and Optical Monitor (OM). EPIC consists of two MOS (Turner et al. 2001 ) and one PN (Strüder et al. 2001 ) CCD arrays having moderate spectral resolution and a time resolution in the range of micro-seconds to 2.6 seconds depending on the instrument and the mode of observation. High-resolution spectral information (E/dE ≈ 300) is provided by the Reflection Grating Spectrometer (RGS) (den Herder et al. 2001) . Simultaneous optical/UV observations are made with Optical Monitor (OM).
We have used the longest observation (84 ks) of 4U 1626-67 made with XMM-Newton on 20 August 2003 (ObsID-0152620101). The EPIC-pn data of this observation were collected in the small window mode and using the medium filter.
HEASOFT 6.12 and SAS-12.0.1 were used for the reduction and extraction. For the extraction of the cleaned EPIC-pn events, standard filters were applied. The observation was checked for the particle background using the SAS tool evselect and background flares were filtered out prior to spectral extraction. The event files were then checked for pile-up, using SAS tool epatplot and as EPIC-pn has a fast readout time of 5.7 milliseconds for small window mode it was found that there is no problem of pile up in the source spectrum.
For the extraction of the source spectra and lightcurves, circular region of 40 arcsecond radius was selected around the source centroid. For the background spectra and light curve extraction, two off-source regions were used with a radius of 40 arcseconds. Spectral extraction was done with PATTERN 4 and FLAG=0. For reprocessing of the data and generation of the response files updated version of the current calibration files (ccf) 1 was used.
The energy dependent pulse profiles from this observation have already been reported in Krauss et al. (2007) . As a prerequisite to the phase resolved spectrsocopy reported in the next section, we have repeated the period analysis. We have derived a pulse period of 7.67548 seconds which is consistent with Krauss et al. (2007) . However, the energy resolved pulse profiles shown in the left panel of Figure 1 in different energy bands show substantially more fine structures.
Pulse profile of 4U 1626-67 is known to have strong energy dependence (Rappaport et al. 1977; Joss, Avni & Rappaport 1978; Pravdo et al. 1979; Elsner, Ghosh & Lamb 1980; Kii et al. 1986; Levine et al. 1988; Mihara 1995; Angelini et al. 1995; Krauss et al. 2007 ; Jain et al. 
SPECTROSCOPY

Pulse Phase averaged Spectroscopy
Pulse-phase averaged spectral analysis was performed using the mean spectrum extracted from the EPIC-pn data, which was then grouped using ftool grppha with minimum 500 counts/bin. The spectral fitting was done using Xspec Version: 12.8.0 (Arnaud 1996). The energy band chosen for fit was 0.3-10.0 keV.
The continuum of the phase averaged spectrum is well described by a soft thermal component and a power law (Pravdo et al. 1979; Kii et al. 1986; Angelini et al. 1995; Owens, Oosterbroek & Parmar 1997; Orlandini et al. 1998; Schulz et al. 2001; Krauss et al. 2007 ; Jain, Paul & Dutta 2010; Camero-Arranz et al. 2012; Iwakiri et al. 2012) . The two components cross over at 0.8 keV.
We used bbodyrad model for fitting the soft part of the spectrum.
Using only the continuum model shows significant excess in the form of emission line features around 0.5 keV and 1.0 keV (see Figure 2 ). The RGS data from the same XMMNewton observation was used by Krauss et al. (2007), where they found four emission lines at 0.568, 0.653, 0.915, 1.02 keV. All the four lines were found to be narrow (σ ∼ 1eV).
Following those results we added four Gaussian lines with energies fixed at 0.568 (O VII Krauss et al. (2007) using RGS data from the same observation.
Phase-Resolved Spectroscopy
The energy dependence of the pulse profiles in Figure 1 , suggests a clear dependence of the energy spectrum on the spin phase. A strong phase dependence of the continuum of 4U 1626-67 has been reported by Pravdo et al. (1979) , Kii et al. (1986) , Coburn et al. (2000) and Iwakiri et al. (2012) using the phase resolved spectra acquired by HEAO-1, Tenma, RXTE and Suzaku respectively.
In order to investigate the correlation between the features observed in the pulse profiles with Neon and Oxygen emission lines in the spectrum of 4U 1626-67 we performed a pulse-phase resolved spectroscopy. For the phase resolved spectral analysis, the spectra were extracted with a phase bin of 0.05, using the 'phase' filter of ftools 1 task xselect. We used the same background spectrum and response files as were used for the phase-averaged spectrum. X-ray spectra in different phases were grouped using ftools task grppha with minimum 250 counts per bin. For fitting the phase-resolved spectra we followed exactly the same technique as we opted for the phase-averaged spectrum. normalisation of blackbody also exhibits a behaviour that is anticorrelated with its temperature profile. However, we note that these spectral parameters can have degeneracy between them and the rapid fluctuations of these parameter as seen in Figure 3 does indicate the presence of significant degeneracy. We therefore do not comment further on this. The powerlaw index however is determined from a broader energy range and shows lesser bin to bin fluctuation. We find a pulse phase dependence of the power-law index with spectrum being hardest near the pulse peak and it being soft near the dip of the pulse profile.
Right panel in Figure 1 shows the behaviour of total flux, blackbody flux, power law flux, Figure 1 is compared to the features in its pulse profile.
1.)The O VII (0.568 keV) emission line shows strong variability by more than a factor of 4. This line is in maximum between the phase 0.0-0.15 and then decreases reaching a minimum intensity at around phase of 0.3. In the rest of the pulse phase also it shows some variation. It is interesting to note that peak intensity of this line is coincident with dip in the pulse profile. Moreover, we have also performed similar analysis with different trial pulse periods of 6, 7 and 8 seconds. The phase resolved spectra created using these trial periods were fitted using the same model. We did not find any significant variation of O VII line flux at these arbitrary trial periods. The constant fitted to the flux of O VII line flux shown in Figure 7 returned χ 2 values of 16, 16 and 20 for 19 dof with the periods 6, 7 and 8 seconds respectively, compared to 46 for XMM-Newton data. This probe further strengthens our result of variation of O VII line flux accross the pulse phase.
We also created pulse profiles in very narrow energy bands (of range of about 0.1 keV) to compare the shape of the profiles near 0.568 keV with that of the higher and lower energy continuum. However, because of the fact that the equivalent width (EW) of these emission lines is quite low (10-30 eV) in comparison to the energy resolution of about 100 eV and these line energies contribute to a small fraction of emission even for a band width of 100 eV, the difference between the pulse profiles was not very prominent, though we could observe some differences in the sharpness of the dips in the profiles. This was also consistent with our results obtained from pulse phase resolved spectroscopy.
DISCUSSIONS AND CONCLUSIONS
In the present work, we have performed a detailed pulse-phase resolved spectroscopy of the unique high magnetic field LMXB pulsar 4U 1626-67 using data from EPIC-pn onboard Naik & Paul 2003; Fürst et al. 2011) . However, in the accretion powered pulsars, the line flux is often found to have no pulse phase dependence (Paul et al. 2002; Lei et al. 2009; Wilkinson et al. 2011; Suchy et al. 2012 ). An exception is a strong pulse phase dependence of the 6.4 keV line seen in Hercules X-1 (Vasco et al. 2013) in which the line flux is found to be minimum near the pulse peak and there is a remarkable similarity between the pulse phase dependence of the iron line flux and the power-law photon index. have different origin and the latter is explained to be due to reprocessing of continuum X-ray in the accretion coulmn with hollow cone geometry.
XMM-Newton
SUMMARY
We have found the O VII emission line in the spectrum of the accretion powered pulsar 4U 1626-67 to vary with pulse phase, the only pulsar after Her X-1 to show a pulse dependent emission line flux. The flux variation is by a factor of up to 4, much larger than the pulse fraction, indicating the presence of warp in the accretion disk at the same radius at which this line is produced by reprocessing of the X-rays emitted from the neutron star. This is also the first X-ray spectroscopic evidence of an accretion disk warp in an X-ray binary. All the errors were estimated with 1σ confidence.
